Abstract. Starting in the 1950s and continuing into the early 1970s, a number of foil irradiations and fission chamber measurements were made in a variety of Fast critical assemblies at Los Alamos National Laboratory. These include (i) Godiva, a bare HEU spherical assembly; (ii) Flattop-25, a spherical assembly consisting of an HEU core and a natural uranium reflector; (iii) Jezebel, a bare 239 Pu assembly; and (iv) Flattop-Pu, a spherical assembly consisting of a 239 Pu core and a natural uranium reflector. In most instances the irradiations occur at or near the center of the assembly, but in selected instances data were obtained for a radial traverse extending into the Flattop reflector region. Measurements were made for a number of threshold reactions, including 45 Sc(n,2n) 44m Sc, 51 V(n, ) 48 Sc, 75 As(n,2n) 74 As, 89 Y(n,2n) 88 Y, 90 Zr(n,2n)
Introduction
We compare predicted versus measured reaction rate spectral indices for a variety of threshold reactions in the Los Alamos Godiva, Jezebel, Flattop-25 & -Pu and Big-10 critical assemblies. Godiva is a bare sphere of highly-enriched 235 U (HEU), Jezebel is a bare sphere of ∼95 weight per cent 239 Pu, the Flattop assemblies contain either an HEU or a 239 Pu core surrounded by a thick nat U reflector and Big-10 is a large heterogeneous uranium cylinder whose average enrichment is 10%. The benchmark models used in these calculations are defined in the International Criticality Safety Benchmark Evaluation Project (ICSBEP) Handbook [1] . Note that the Jezebel benchmark, Pu-MET-FAST-001 in ICSBEP nomenclature, was recently re-evaluated. The results presented here are obtained with this new benchmark model. The comparisons to experiment focus on ENDF/B-VII.1 cross sections [2] , but the recently released IAEA's IRDFF-v1.03 [3] are also used in a few cases. 
Discussion
Irradiation measurements were made over a period of years, from the mid-1950s through early 1970s in various LANL critical assemblies. Table 1 summarizes the irradiation date for the experiments that are discussed in this report. We also note the ICSBEP benchmark evaluation used in our calculations. The reader is directed to Reference 1 for further information on these assemblies. Most of the measurements occur at or near the center of the assembly, but in selected cases data were obtained for a radial traverse starting near the Flattop assembly center and extending into the radial reflector. Comparison of calculation-to-experiment in these cases, several examples of which are shown below, provides a test of the nuclear data over a wide energy range.
An important aspect of this re-analysis is the recognition that the results provided in the original reports depend upon the "known" nuclear data of the time, specifically the 14.1 MeV cross section for the reaction of interest. That data may have changed significantly over the years. We show several examples of this in Table 2 .
The MCNP6 [4] Monte Carlo program was used for the benchmark calculations. Results were obtained by combining results from ten independent 500-million history jobs (run as 100,000 histories per cycle times 5,000 cycles with the first 25 cycles discarded). F4 tallies were obtained for the relevant cross sections over a central 0.25 cm radius sphere, or for successive 0.5 cm thick shells. Results for each cross section of interest were divided by the 235 U(n,f) tally in that region in order to produce a calculated spectral index. For this large number of histories, the stochastic uncertainty is smaller than the plot symbol and therefore no calculation error bars will appear in the figures that follow. In many cases, we also include a tally definition with "DEn" and "DFn" tally modifier cards that define a f(E) = E function. Division of the original tally by the modified tally yields the average energy for that tally. Figure 1 illustrates the average flux as a function of radius for these assemblies. th ISRD Of course, the simple average energy noted above does not fully characterize the spectrum. We show in Fig. 2 the Flattop-25 spectrum near the core center and in the reflector. Also shown are cumulative spectrum curves, using the right hand axis, demonstrating that a broad energy distribution is incident upon the foils and fission counters. Results for the Pu fueled assemblies show excellent, near unity, C/E values for the actinide ( 238 U, 237 Np and 239 Pu) fission reaction spectral indices but tend to be biased high for the suite of (n,2n) reaction spectral indices whose average energy is approximately 8 MeV or more. For the HEU assemblies we again observe excellent C/E values at the lower energies and this good agreement also extends into the higher energy regime.
In Fig. 5 we show C/E values for the Big-10 critical assembly. The data points in this figure, from right-to-left correspond to the top-to-bottom list in the figure Legend. These results exhibit much greater scatter than those from the hotter HEU and Pu assemblies. For most of these reactions we also have used the recently released IRDFF-v1.03 cross section library. The ENDF/B-VII.1 based calculations and the IRDFF-v1.03 based calculations are generally consistent, although in some instances the differences are large enough to warrant a closer review of the underlying cross section evaluation.
Measurements for a radial traverse through the Flattop-25 core region and into the reflector are presented in Figs. 6 and 7. The basic transport calculation continues to be performed with ENDF/B-VII.1 cross sections, but we include tally results based upon both the ENDF/B-VII.1 library and the IRDFF-v1.03 library. The general shape in the measured data is reproduced in these calculations, but there are issues that require further investigation. Note that in these figures, the horizontal "error bar" denotes the size and location of the tally region shell in the MCNP calculation. Uncertainties on these 04007-p. 3 For the 238 U(n,2n) reaction there is an obvious difference in the magnitude of the calculated spectral indices. The fluctuations in the data make it difficult to select one result over the other but we note that 04007-p.4 th ISRD in Fig. 5 where a similar difference is observed that the ENDF/B-VII.1 based calculation's C/E is closer to unity. For 90 Zr(n,2n) the ENDF/B-VII.1 and IRDFF-v1.03 calculations are in closer agreement but clearly biased low compared to measurement. This result, also seen in the highest energy result in Fig. 4 is consistent throughout the radial traverse.
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